Objectives To document the burden of in-hospital falls and fractures, and to identify factors that may increase the risk of these events. Design A retrospective cohort analysis Setting The study was set in the State of Victoria, Australia. Participants Hospital episode data collected in the Victoria Admitted Episodes Dataset, for all multiday-stay patients 18 years or more admitted to Victorian public hospitals; 1 July 1998 to 30 June 2008. Diagnoses were defined by the International Classification of Disease, 10th Revision, Australian Modification (ICD-10-AM), which includes an in-hospital diagnostic timing code. Outcome measures included rates of in-hospital falls and fractures, length of hospital stay and mortality. Variables included in risk adjustment included financial year, individual demographic and comorbidity data, and hospital characteristics. Results There were 3 345 415 episodes: 21 250 (0.64%) in-hospital falls and 4559 (0.14%) fractures. In-hospital fall (IHF) episode rates increased over the study period, but fracture episode rates were stable. Mortality (HR 1.3, CI 1.3 to 1.5) and length of stay (median 19 days vs 5 days, p<0.0001) were increased with IHF. Risk factors for IHF included dementia (rate ratio 1.7, CI 1.6 to 1.8) and delirium (rate ratio 1.8, CI 1.6 to 2.0). Conclusions Routinely collected data that include a hospital diagnostic timing code offer a standard method of quantifying in-hospital falls and fractures. Unselected in-hospital falls data may be subject to reporting and documentation bias. The utility of using robust selected injuries such as IHF-related fracture as a quality-of-care indicator requires further investigation.
INTRODUCTION
International studies indicate that 3.2e10.6% of hospitalisations are associated with an adverse event, with a substantial impact on patient health outcomes and health costs.
1e3 Falls are serious adverse events associated with increased length of in-hospital stay, functional decline 4e7 and litigation claims. 8 Accurate measurement of adverse events is important for understanding and reporting the performance of healthcare systems. For in hospital falls (IHF), there is a wide variation in the reported burden, reflecting complexity of the problem, heterogeneity in study design, patient population, fall case-definition 9 and contextual factors. Similarly, there is conflicting information about risk factors for IHF and fall-related injuries. Understanding these factors is important, not only to inform interventional strategies, but also for development of robust risk adjustment models for comparative benchmarking of organisational performance.
The main data source for IHF are incident reporting systems. These provide important qualitative information about the nature and causation of falls 10 and safety culture, 11 but do not provide robust epidemiological information for monitoring system performance. 12 13 Medical record review and prospective observational studies provide more detailed clinical information about potential risk factors but are time-consuming and costly to conduct. 1 14 15 Routinely collected data are an alternative source of information about IHF events that capture data for the whole population. To date, the utility of monitoring IHF using routinely collected data has not been widely researched with existing studies limited by the absence of timing codes that accurately identify in-hospital events. 16 17 The purpose of this study was to perform a retrospective population cohort study to measure rates of public hospital IHF and fall-related fractures (FRFx) and to identify factors which may increase the risk of these two events using routinely collected hospital discharge data over a 10-year period from 1 July 1998 to 30 June 2008.
METHODS
This study was approved by Monash University, Standing Committee on Ethics in Research Involving Humans.
Study setting and population
All residents in Australia have free access to publicly funded hospitals and may also choose to have private insurance for care in private hospitals. More than 5 million people reside in Victoria, the second largest State in Australia. 18 The analysis sample included all public hospital discharge episodes in the State of Victoria included within the Victorian Admitted Episodes Dataset (VAED) for persons aged 18 years or more, admitted for 2 days or more between 1 July 1998 and 30 June 2008.
The VAED was developed to meet national reporting obligations and support output-based funding of Victorian hospitals. 19 It includes demographic, administrative and clinical information, and is externally linked to the Victorian Death Registrations. Since 1998, clinical information in the VAED has been coded using the International Classification of Diseases, 10 Revision, Australian Modification (ICD-10-AM). There are now 40 diagnostic code fields. For each diagnostic code, the timing of diagnosis is indicated by a corresponding variable which can take on several values: P (principal reason for admission), A (associated conditiondcomorbidity) or C (a new diagnosis arising during admission). 20 21 Good to excellent coding quality of ICD-10-AM has been demonstrated for principal procedure codes, many diagnostic codes and coding of comorbid diagnoses. 22 An IHF was defined as a fall event that occurred at any time during a single multiday stay hospital episode and was coded for inclusion in the VAED. A FRFx was defined as any fracture that occurred during a single hospital episode in which there was also documented an IHF and which was coded within the VAED. ICD-10-AM codes were used to define falls (W codes), injuries (S codes) and fractures (T codes) (table 1). Coders follow standard coding criteria for the inclusion of additional diagnoses; therefore, only IHF associated with analgesia administration, radiological investigation, increased clinical monitoring or injuries are coded. Fractures without falls were excluded, as these may represent misclassification of prehospital fractures diagnosed late or pathological fracture.
In the most recent audit of coding quality in Victoria, conducted in 2005e2006 of 10 010 (approximately 1% of all non-chemotherapy/non-dialysis) public hospital discharges, the prevalence of in-hospital falls based on the coding algorithm above was 3.64% in the original hospital coding versus 3.60% for the auditors; furthermore, using the auditor's codes as the reference standard, the sensitivity was 95.3% and the specificity 99.8%. The k was 0.94 (personal communication).
Further elements of the data for analysis are summarised in table 1. The Charlson condition diagnoses and additional fall and fracture risk conditions (osteoporosis, stroke, Parkinson's disease, ataxia, visual impairment, deafness, delirium) were included in risk adjustment; these comorbidities included only those present on admission. In-hospital comorbid diagnoses, flagged by the C-diagnosis timing code, were excluded. 23 
24

Statistical analysis
The data were extracted and analysed using SAS8.2 (SAS Institute, Cary, North Carolina). 25 Crude rates of IHF were expressed as rate/1000 bed days. A descriptive analysis was undertaken to investigate associations between covariates of interest and fall events.
Multivariable Poisson regression models, corrected for overdispersion (PROC GENMOD), were then fitted to ascertain independent associations for experiencing an IHF or FRFx. The risk of FRFx was considered in two ways; for the whole population on admission (FRX model 1, denominator all episodes) and for those who experienced an IHF (FRFx model 2, denominator IHF episodes).
To assess the impact of fall-related events on survival, an index admission was defined for patients with a first IHF after 1 July 2002 (no IHF or presenting fall between 1 July 1998 and 30 June 2002). Controls were matched to these cases by age and gender from a randomly selected sample population without IHF with a first public hospital admission after 1 July 2000. Survival was defined from the date of the index admission to the date of death The general characteristics of all hospital discharges are summarised in table 2. Nearly one-third of all episodes occurred in rural settings. Over 50% of episodes were for individuals over 50 years of age. The proportion over 80 years (19.4% total population) was higher for those with an IHF (50.9%) and FRFx (57.3%). There was a higher proportion of women (63%) in the Unadjusted rates of IHF increased over the 10-year period (from 0.41 to 0.88 IHF/1000 bed days) (table 4). The fracture rates were discordant between models. Rates for FRFx (0.11 to 0.13/1000 bed days) remained stable in Model 1 but were markedly reduced in FRFx Model 2 (0.09 to 0.03/1000 bed days). These trends were also noted in the adjusted data ( figure 1) .
In the Poisson regression model (table 5) , the strongest associations with IHF were: increasing age and comorbidities; HIV (RR 2.2, CI 1.4 to 3.5), liver disease (RR 1.8, CI 1.4 to 2.4), Parkinson's disease (RR 1.7, CI 1.5 to 1.9), ataxia (RR 1.6, CI 1.2 to 2.0), dementia (RR 1.7, CI 1.6 to 1.8) and delirium (RR 1.8, CI 1.6 to 2.0). In FRFx Model 2 there was similarly a strong association with increasing age, and comorbidities but an inverse relationship with male gender (RR 0.8, CI 0.7 to 0.9). Of interest, a history of previous fall was associated with a somewhat lower IHF rate (RR 0.8, CI 0.8 to 0.9) and FRFx (model 1) rate (RR 0.8, CI 0.7 to 0.9), but this was not the case for FRFxmodel 2. There were no additional factors in this second fracture model for which an independent association with fracture could be identified.
The median length of stay (LOS) was longer for episodes associated with an IHF (19 days vs 5 days, p<0.0001), and this difference was greater for episodes associated with FRFx (23 days vs 5 days, p<0.0001).
The HR for mortality for an IHF was increased at 1.3 (CI 1.3 to 1.5, p<0.0001). An FRFx conferred no additional mortality risk (HR 1.1, CI 1.0 to 1.3).
DISCUSSION
We have quantified the burden of IHF and FRFx across a broad range of public hospitals in Victoria, Australia. While the definition of falls in this study was limited by the Australian coding standard to more serious falls and fall-related events, the dataextraction algorithm provides a reproducible process for data analysis. It may be suitable for benchmarking comparisons where ICD-10 coding forms the basis of data definition, and comparable quality of the coding can be established. With the specific in-hospital diagnosis timing codes, we have been able to provide population level figures about falls in all hospital episode types. In contrast, the Agency for Healthcare Research and Quality (AHRQ) in the USA has included within their Patient Safety Indicator set a falls indicator in which the population of interest is restricted to post surgical falls in an attempt to avoid including false-positive adverse events. The introduction of the 'present on admission' flag throughout the US and the 'condition-onset flag' Australia-wide in late 2008 may widen the utility of standardised algorithms such as those presented here.
There is limited ability to compare our results to previous studies due to differences in methodology. Our baseline IHF rate is significantly lower than that reported in other Australian studies based on incident reporting data (5.4e7.9 falls/1000 bed days). 26 27 Although rates of IHF within different (often small) patient populations and settings have been reported to vary between 0.3 and 19.0/1000 bed days based on incident reporting data, 28 our low rate almost certainly reflects the definition of the denominator IHF for this study and the failure therefore to capture all IHF, especially falls of lower severity. It is also difficult to compare fall-related injury rates. 9 Overall, previous studies based on a variety of settings and patient populations report the proportion of fall injuries to be between 26.7% and 70% of all fall incidents, and the proportion of fracture injuries to vary between 2.1 and 6%. 7 27e30 Our higher proportion of fracture injuries is again probably due to application of the Australian coding standard and therefore differences in injury definition which reduce the IHF denominator to include only more serious falls. The results highlight the need for caution in interpreting trends and in choosing useful indicators of quality of care. Ideally, a useful indicator can identify systemic variation after adequate adjustment for patient case mix. Increasing adjusted IHF rates may reflect changes in coding practice associated with increasing awareness, better reporting of fall events in hospital and consequently reporting of less serious events as well as real changes in IHF rates. The differences in trends noted for adjusted IHF rates and fracture rates support the premise that the IHF rates reported in the later years of our analysis may be of lower severity: the stable fracture rates in model 1 and decreasing FRFx rates in Model 2 support a dilution effect due to more reporting of less serious falls. Therefore, FRFx rates are likely to be a more useful indicator of system performance, although, in view of relatively low event rates, further investigation is needed to determine the utility of such an indicator for interorganisational comparisons.
In addition to monitoring high-level indicators of system performance, there is increasing interest in measuring individual organisational performance, benchmarking and reporting performance to internal and external stakeholders, including the public. Such comparative data require robust risk adjustment models to ensure credible figures to drive quality improvement at a local level and to avoid time-consuming investigation of false-positive events. The purpose of our study was not to develop and validate a fall or fracture risk prediction tool but to investigate the utility of routinely collected data for contributing to understanding individual and population risk, in particular for identifying factors for inclusion in future riskadjustment models. In so doing, we have confirmed a number of previously reported important IHF factors. 31 The relationship between structural care type other than acute and newborn for FRFx rates is expected. 32 Of particular importance is the strong association with cognitive impairment (dementia and delirium) which will become an increasing challenge to organisations treating an ageing population. The association of HIV with IHF and FRFx is in keeping with known increased prevalence of osteopenia and osteoporosis and recent evidence for higher fracture prevalence compared with control populations. 33 We acknowledge the well-reported limitations of using routinely collected hospital data whose primary purpose is for case mix funding rather than clinical outcomes monitoring. 34 In addition to coding errors, ascertainment of adverse events has been shown to be related to the completeness of record documentation. 1 Our study reinforces the limitation of using such data for understanding associations without additional contextual information, particularly where there is statistical significance but relatively weak increased risk, for instance for male gender on falls risk. Overall, these data are hypothesis-generating and must be supported by more focused observational data to be useful at an organisational level for quality-improvement purposes. Of interest, presentation with or previous history of a fallrelated hospital episode was associated with lower rate ratios of IHF, suggesting there may have been greater awareness and implementation of preventive strategies. Alternatively, patients may have been immobilised by the injury that led to admission, although this association was not found in the fracture models. Similarly, there was no association between clinical comorbidity data and fractures in fracture model 2. We may have failed to show significant associations with fracture risk and mortality outcomes due to small overall fracture numbers; however, additional factors, not currently measured, may be influencing fracture risk in those who fall. 35 We have not differentiated risk for single versus multiple falls. 36 These will not be captured within the discharge dataset unless there were different injurious conditionsdfor example, a laceration on one occasion and a fracture on another. Finally, our regression models included both individual and aggregate risk factors, and we may not have accounted for all cluster effects.
In Australia, it is estimated that the total estimated health cost attributable to fall injuries will increase threefold between 2001 and 2051, rising to A$1375 million per year. 37 Our analysis illustrates the strengths and weakness of alternate methods to quantifying this burden and contributes to efforts to develop a monitoring system to follow the impact of interventions to reduce hospital associated fall-related injuries in high-risk populations.
